Introduction
============

Prostate cancer (PCa) is the most commonly diagnosed cancer and the third leading cause of cancer-related deaths in men in the USA.[@b1-cmar-10-1061] More than 90% of PCa is clinically localized during the prostate-specific antigen (PSA) era.[@b2-cmar-10-1061] High-risk factors include T3--T4 stage, Gleason score (GS) 8--10, or PSA \>20 ng/mL.[@b3-cmar-10-1061] According to European Association of Urology guidelines, radical prostatectomy (RP) is the preferred option. However, in the National Comprehensive Cancer Network (NCCN) guidelines, external beam radiotherapy (EBRT) in combination with long-term androgen-deprivation therapy (ADT) is preferred (category 1 recommended) and EBRT with brachytherapy with or without ADT or RP with pelvic lymph node dissection is used in selected patients.[@b4-cmar-10-1061] A recent randomized trial showed the comparative effectiveness of active monitoring, RP, and EBRT for almost all low-risk to favorably intermediate-risk clinically localized PCa.[@b5-cmar-10-1061] However, there is no randomized controlled trial examining the comparative effectiveness of different therapeutic modalities for high-risk clinically localized PCa to date.

Several retrospective studies have investigated survival outcomes after RP or EBRT for high-risk PCa, with mixed findings.[@b6-cmar-10-1061],[@b7-cmar-10-1061] For example, RP improved overall survival (OS) more than EBRT,[@b6-cmar-10-1061] while survival outcomes associated with EBRT with ADT were not inferior to RP in other studies.[@b8-cmar-10-1061] Of note, some of the above studies recruited patients treated with conventional radiotherapy (RT) and dose regime, whereas dose-escalation studies using advanced radiation oncology technologies such as intensity-modulated radiotherapy and image-guided radiotherapy have been utilized since early 2000s.[@b9-cmar-10-1061] Therefore, it remains unclear whether or not therapeutic effects of modern EBRT with high dose and RP are equivalent or different depending on individual risk factor(s). In this study, we examined survival outcomes including cancer-specific survival (CSS) and OS of high-risk PCa patients receiving RP or EBRT as the initial therapy, from contemporary Surveillance, Epidemiology, and End Results (SEER) database (2004--2008). Moreover, we performed propensity-score matching (PSM) to select similar numbers of patients with balanced risk factors between the two groups, in order to fairly compare survival outcomes between the groups.

Materials and methods
=====================

Data source
-----------

SEER database of the National Cancer Institute reports cancer incidence and survival data of 18 regional or statewide cancer registries in the USA. The SEER catchment area includes \~28% of the USA. All of the high-risk PCa cases were extracted from the SEER database using the SEER Stat 8.3.4 software (National Institutes of Health, Bethesda, MD, USA). The SEER database includes de-identified patients information. This study was exempt from review by our institutional review board.

Study population
----------------

Our cohort included PCa patients registered in the SEER database from 2004 to 2008, in which GS information was available in SEER. PSA information was available in SEER in 2017 release,[@b10-cmar-10-1061] and high-risk factors were defined as T3--T4, GS 8--10, or PSA \>20 ng/mL.[@b3-cmar-10-1061] TNM stage was classified according to the *American Joint Committee on Cancer, Cancer Staging Manual* (6th ed., 2002). Other inclusion criteria were as follows: 1) N0 and M0 stage, 2) adenocarcinoma of the prostate (ICD-O-3 Hist/Behav code=8140/3), 3) PCa as the first and only primary cancer, 4) known survival time and cause of death, and 5) RP or EBRT as the primary treatment. Patients who received neoadjuvant and/or adjuvant radiation were excluded.

Outcomes
--------

Objectives of this study are to compare CSS, which was identified from the date of diagnosis to the date when patients died from PCa, and OS, which was identified from the date of diagnosis to the date when patients died of any cause. The last date of follow-up was December 31, 2014.

Statistical analyses
--------------------

The differences in the demographic and clinicopathological features of patients who received RP or EBRT were assessed using the chi-square (χ^2^) test. Continuous variables were compared using the Student's *t*-test. Univariate comparisons of OS and CSS were assessed using Kaplan--Meier method with log-rank test. Multivariate analyses were performed using Cox regression model. PSM method[@b11-cmar-10-1061] was used to balance observed covariates between RP and EBRT. Propensity scores were calculated according to the range of each characteristic including age, marital status, race, year of diagnosis, T stage, GS, PSA level, and SEER region. The matched ratio was 1:1, and the matching was conducted based on nearest-neighbor matching principle. The matching approach was without replacements. All statistical analyses were performed using SPSS ver. 22.0 (IBM Corporation, Armonk, NY, USA). A value of *P*\<0.05 was considered as statistically significant.

Results
=======

Patient characteristics
-----------------------

A total of 24,293 patients were identified, 14,460 patients receiving RP and 9833 patients receiving EBRT. The baseline characteristics of patients are shown in [Table 1](#t1-cmar-10-1061){ref-type="table"}. There were statistically significant differences in all baseline factors between the RP and EBRT groups in the overall cohort. Notably, the median age of EBRT group was 71 years, whereas the median age of RP group was 62 years. PSM was conducted between the two groups. In the PSM cohort, as shown in [Table 1](#t1-cmar-10-1061){ref-type="table"}, 3828 patients were identified in each RP and EBRT group. There was no significant difference between groups regarding all patient characteristics including age, marital status, race, T stage, GS, PSA, and year of diagnosis. The following analyses were conducted in the PSM cohorts from each group.

CSS and OS in these two PSM cohorts
-----------------------------------

There was no substantial difference in patent characteristics between the two PSM cohorts. The median age was 66 years with interquartile range =61--70 years for both groups. For CSS, the mean survival time (MST) was 128.6 months with 95% CI=128.2--129.1 for RP group and was 126.7 months with 95% CI=126.1--127.3 for EBRT group (*P*\<0.001; [Figure 1](#f1-cmar-10-1061){ref-type="fig"}). The subgroup analyses showed that CSS of the RP group was better than that of the EBRT group in patients with \<65 years (*P*\<0.001), White race (*P*\<0.001), and married status (*P*\<0.001). However, there was no significant difference in patients with ≥65 years (*P*=0.151), Black race (*P*=0.418), other race (*P*=0.874), and unmarried status (*P*=0.146). For OS, the MST and 95% CI were 123.3 months and 122.5--124.1 for RP vs 119.6 months and 118.7--120.5 for EBRT group (*P*\<0.001). The subgroup analyses revealed that OS was better in the RP group than that in the EBRT group in patients with \<65 years (*P*\<0.001), White race (*P*\<0.001), and married status (*P*\<0.001). Similarly, there was no significant difference in OS between the groups in patients with age ≥65 years (*P*=0.112), Black race (*P*=0.936), other race (*P*=0.499), and unmarried status (*P*=0.257).

Multivariate Cox regression analysis
------------------------------------

To identify independent prognostic factors for high-risk patients, multivariate Cox regression analysis was performed in the matched population. Basic clinicopathological factors were evaluated. The multivariate analysis showed that EBRT treatment modality, T3--T4 stage, GS 8--10, and PSA \>20 ng/mL were significant risk factors for both CSS and OS ([Table 2](#t2-cmar-10-1061){ref-type="table"}). Moreover, unmarried status is a prognostic factor for poor CSS but not for poor OS. Patients being diagnosed in recent years usually showed fine survival outcomes. At last, other clinical factors including age, race, and region had no significant impact on CSS and OS ([Table 2](#t2-cmar-10-1061){ref-type="table"}).

Discussion
==========

Selection of RP or EBRT as an initial therapy for clinically high-risk PCa patients is often a clinical challenge. Typically, young and healthy patients are often selected by urologists for RP, while elderly patients or patients with poor performance status and/or comorbidities are often recommended to receive no treatment or EBRT. However, there is no detailed consensus on the recommendation of RP or EBRT, simply because of no randomized controlled trials to examine survival outcomes between RP and EBRT in this high-risk cohort and mixed findings from previous studies as discussed earlier.[@b6-cmar-10-1061]--[@b8-cmar-10-1061] Results from two meta-analyses indeed supported RP over RT in high-risk PCa in aspects of OS, PCa-specific mortality (PCSM), and non-PCSM.[@b12-cmar-10-1061],[@b13-cmar-10-1061] However, RP and RT cohorts were not matched by clinical risk factors and some of these RT studies were before 2000s (modern RT era). For example, there was a substantial gap in age between EBRT and RP groups. The median age of EBRT group is usually 5--10 years older than that of the RP group. In this study, we balanced important clinical risk factors (age, marital status, race, year of diagnosis, T stage, GS, PSA level, and SEER region) in clinically localized high-risk PCa patients derived from the SEER data in the 2004--2008 and then compared survival outcomes between these RP vs EBRT in PSM cohorts. Results of this study suggest that young patients (\<65 years) might benefit from RP while old patients (≥65 years) might not need RP since EBRT is likely to produce similar survival outcomes. Results of this study have provided important information to clinicians and patients in the management of clinical high-risk PCa.

Pitfalls of this study include retrospective analysis of the SEER data in which many other important clinical factors were not available for this analysis, including comorbidities, performance status, other pathological features such as residual PSA and margin status, and use of ADT (long-term currently recommended). For example, in addition to survival outcomes, toxicity profiles and quality of life associated with RP vs EBRT are completely different between RP and EBRT[@b14-cmar-10-1061] and should also be considered when RP or EBRT is recommended. Typically, urinary incontinence and impotence frequently occur after RP, and older patients are often difficult to recover from treatment-related morbidities such as urinary incontinence, while urinary incontinence are rarely observed after EBRT. Therefore, EBRT is often argued as a primary treatment option for older patients with high-risk PCa when EBRT is proved to be not inferior to RP in survival outcomes.

In addition, radiation dose and dose fractionation regimen are important information but were not available in this SEER cohort. This is because high-dose radiotherapy has been clearly associated with clinical outcomes when compared with conventional radiotherapy.[@b15-cmar-10-1061]--[@b18-cmar-10-1061] Results of these dose escalation studies have led to the NCCN recommendation of high-dose EBRT (79.2--81 Gy) or the combination of EBRT and brachytherapy. Therefore, it is important to know if young patients (\<65 years) received high-dose radiotherapy and inferior survival outcomes in the young age EBRT group are not secondary to conventional dose RT. Results of this study suggest a need of a randomized controlled trial for the comparison of these two local treatment modalities for this young cohort.

Another important pitfall of this study is exclusion of neoadjuvant or adjuvant RT in this study. For the clean comparison of RP and EBRT for survival outcomes, we have to exclude patients with neoadjuvant or adjuvant RT. However, adjuvant RT was indicated in 2000s as a treatment option for patients with poor risk factors including residual PSA, positive margin, high GS, and T3--T4.[@b19-cmar-10-1061]--[@b21-cmar-10-1061] Therefore, improved survival outcomes in the RP cohort in this study might come at least in part from adjuvant RT.

Conclusion
==========

Results of this population-based propensity score matched study indicated that RP might provide favorable survival outcomes compared to EBRT in high-risk PCa for young patients (\<65 years), while survival outcomes were comparable between EBRT and RP in older patients (≥65 years), which argues for definitive RT as a primary modality for this older cohort. This information is important in the clinical management of high-risk PCa, and a well-controlled randomized trial is required to assess therapeutic effectiveness of RP vs modern high-dose RT with long-term ADT in the treatment of young patients with high-risk factors.
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###### 

Patient characteristics

  Variables                  Overall cohort   Propensity-matched cohort                                                                     
  -------------------------- ---------------- --------------------------- ------------- --------- ------------- ------------- ------------- -------
  Number of patients (%)     24,293 (100)     14,460 (59.5)               9833 (40.5)             7656 (100)    3828 (50)     3828 (50)     
  Age (years)                                                                           \<0.001                                             0.817
   Median, IQR               65 (59--71)      62 (57--67)                 71 (64--76)             66 (61--70)   66 (61--70)   66 (61--70)   
  Age (years), n (%)                                                                    \<0.001                                             0.926
   \<65                      11,658 (48)      9151 (63.3)                 2507 (25.5)             3162 (41.3)   1583 (41.4)   1579 (41.2)   
   ≥65                       12,635 (52)      5309 (36.7)                 7326 (74.5)             4494 (58.7)   2245 (58.6)   2249 (58.8)   
  Marital status, n (%)                                                                 \<0.001                                             0.866
   Married                   17,751 (73.1)    11,122 (76.9)               6629 (67.4)             5949 (77.7)   2965 (77.5)   2984 (78)     
   Unmarried                 5250 (21.6)      2676 (18.5)                 2574 (26.2)             1503 (19.6)   759 (19.8)    744 (19.4)    
   Unknown                   1292 (5.3)       662 (4.6)                   630 (6.4)               204 (2.7)     104 (2.7)     100 (2.6)     
  Race, n (%)                                                                           \<0.001                                             0.429
   White                     19,057 (78.4)    11,805 (81.6)               7252 (73.8)             6396 (83.5)   3193 (83.4)   3203 (83.7)   
   Black                     3487 (14.4)      1773 (12.3)                 1714 (17.4)             864 (11.3)    422 (11)      442 (11.5)    
   Others                    1517 (6.2)       770 (5.3)                   747 (7.6)               365 (4.8)     196 (5.1)     169 (4.4)     
   Unknown                   232 (1)          112 (0.8)                   120 (1.2)               17 (0.4)      14 (0.4)      31 (0.4)      
  T stage, n (%)                                                                        0.027                                               0.066
   T1--T2                    12,350 (50.8)    7273 (50.3)                 5077 (51.6)             3850 (50.3)   1912 (49.9)   1938 (50.6)   
   T3--T4                    11,908 (49)      7171 (49.6)                 4737 (48.2)             3801 (49.6)   1916 (50.1)   1885 (49.2)   
   Unknown                   35 (0.1)         16 (0.1)                    19 (0.2)                5 (0.1)       0 (0)         5 (0.1)       
  Gleason score, n (%)                                                                  0.462                                               0.134
   2--7                      12,085 (49.7)    7169 (49.6)                 4916 (50)               3997 (52.2)   2037 (53.2)   1960 (51.2)   
   8--10                     11,918 (49.1)    7109 (49.2)                 4809 (48.9)             3622 (47.3)   1770 (46.2)   1852 (48.4)   
   Unknown                   290 (1.2)        183 (1.3)                   108 (1.1)               37 (0.5)      21 (0.5)      16 (0.4)      
  PSA (ng/mL), n (%)                                                                    0.089                                               0.934
   ≤20                       16,852 (69.4)    10,090 (69.8)               6762 (68.8)             5725 (73.8)   2866 (74.9)   2859 (74.7)   
   \>20                      5921 (24.4)      3453 (23.9)                 2468 (25.1)             1641 (21.4)   815 (21.3)    826 (21.6)    
   Unknown                   1520 (6.3)       917 (6.3)                   603 (6.1)               290 (3.8)     147 (3.8)     143 (3.7)     
  Region, n (%)                                                                         \<0.001                                             0.852
   East                      9038 (37.2)      5279 (36.5)                 3759 (38.2)             2794 (36.5)   1401 (36.6)   1393 (36.4)   
   Northern Plains           2588 (10.7)      1533 (10.6)                 1055 (10.7)             530 (6.9)     263 (6.9)     267 (7)       
   Pacific Coast             11,535 (47.5)    6844 (47.3)                 4691 (47.7)             4155 (54.3)   2070 (54.1)   2085 (54.5)   
   Southwest                 1120 (4.6)       797 (5.5)                   323 (3.3)               177 (2.3)     94 (2.5)      83 (2.2)      
   Alaska                    12 (0)           7 (0)                       5 (0.1)                 0 (0)         0 (0)         0 (0)         
  Year of diagnosis, n (%)                                                              \<0.001                                             0.643
   2004                      4290 (17.7)      2452 (17)                   1838 (18.7)             1350 (17.6)   660 (17.2)    690 (18)      
   2005                      4024 (16.6)      2357 (16.3)                 1667 (17)               1241 (16.2)   616 (16.1)    625 (16.3)    
   2006                      4943 (20.3)      2861 (19.8)                 2082 (21.2)             1560 (20.4)   769 (20.1)    791 (20.7)    
   2007                      5506 (22.7)      3393 (23.5)                 2113 (21.5)             1623 (21.2)   835 (21.8)    788 (20.6)    
   2008                      5530 (22.8)      3397 (23.5)                 2133 (21.7)             1882 (24.6)   948 (24.8)    934 (24.4)    

**Abbreviations:** IQR, interquartile range; EBRT, external beam radiotherapy; PSA, prostate-specific antigen; RP, radical prostatectomy.

###### 

Multivariate Cox regression analysis of prognostic factors for CSS and OS in the matched population

  Variables           CSS     OS                                              
  ------------------- ------- -------------- --------- ------- -------------- ---------
  Treatment                                                                   
   RP                 1       Reference                1       Reference      
   EBRT               1.811   1.425--2.301   \<0.001   1.482   1.295--1.696   \<0.001
  Age (years)                                                                 
   \<65               1       Reference                1       Reference      
   ≥65                1.048   0.832--1.32    0.691     0.946   0.829--1.08    0.413
  Marital status                                                              
   Married            1       Reference                1       Reference      
   Unmarried          1.322   1.001--1.746   0.049     1.103   0.935--1.302   0.244
  Race                                                                        
   White              1       Reference                1       Reference      
   Black              0.959   0.671--1.372   0.819     1.112   0.913--1.355   0.291
   Others             1.383   0.857--1.234   0.184     1.251   0.936--1.671   0.13
  T stage             1.992   0.492--8.057   0.334     2.219   1.049--4.693   0.037
   T1--T2             1       Reference                1       Reference      
   T3--T4             1.955   1.543--2.477   \<0.001   1.026   0.88--1.196    0.741
  Gleason score                                                               
   2--7               1       Reference                1       Reference      
   8--10              5.504   4.197--7.217   \<0.001   2.869   2.455--3.352   \<0.001
  PSA (ng/mL)                                                                 
   ≤20                1       Reference                1       Reference      
   \>20               3.226   2.521--4.129   \<0.001   2.71    2.328--3.154   \<0.001
  Region                                                                      
   East               1       Reference                1       Reference      
   Northern plains    0.79    0.474--1.315   0.364     1.15    0.891--1.484   0.282
   Pacific coast      0.847   0.666--1.077   0.174     0.97    0.841--1.119   0.676
   Southwest          1.388   0.724--2.66    0.323     1.361   0.91--2.035    0.133
  Year of diagnosis                                                           
   2004               1       Reference                1       Reference      
   2005               1.069   0.776--1.473   0.681     0.921   0.76--1.115    0.399
   2006               0.81    0.577--1.138   0.225     0.726   0.596--0.886   0.002
   2007               0.756   0.529--1.078   0.122     0.73    0.594--0.896   0.003
   2008               0.611   0.425--0.879   0.008     0.72    0.589--0.879   0.001

**Abbreviations:** CSS, cancer-specific survival; EBRT, external beam radiotherapy; HR, hazard ratio; OS, overall survival; PSA, prostate-specific antigen; RP, radical prostatectomy.
